In recent years, a number of researchers have advocated extending the modern synthesis in evolutionary biology. One of the core arguments made in favour of an extension comes from work on soft inheritance systems, including transgenerational epigenetic effects, cultural transmission and niche construction. In this study, we outline this claim and then take issue with it. We argue that the focus on soft inheritance has led to a conflation of proximate and ultimate causation, which has in turn obscured key questions about biological organization and calibration across the life span to maximize average lifetime inclusive fitness. We illustrate this by presenting hypotheses that we believe incorporate the core phenomena of soft inheritance and will aid in understanding them.
INTRODUCTION
By the 1940s, the Darwinian view of evolutionary change was married with Mendelian genetics to produce what has come to be known as the modern synthesis (MS) [1] [2] [3] . Recently, some researchers have argued that a new extended evolutionary synthesis (EES) is necessary [4] in order to account for specific phenomena. These phenomena come from several different areas of enquiry, but many can be grouped under the banner of 'soft inheritance' [5] . This term, coined by Mayr [6] , refers to the inheritance of variations that are the result of non-genetic effects. Those arguing for an EES draw upon examples of soft inheritance coming from evolutionary developmental biology, epigenetics, niche construction, and learning and cultural transmission [7] [8] [9] [10] [11] .
Each of these fields describes non-genetic processes that introduce phenotypic variation, which has some utility and can be inherited. For instance, Jablonka & Lamb [5] point to the fact that there is heritable variation that is developmentally induced and not caused by the underlying DNA sequence. A classic example of this comes from the licking and grooming literature in rats, which shows that the level of licking and grooming experienced by a pup becomes an epigenetically inherited part of their own maternal behavioural phenotype and is passed on across a number of generations [12] . This is associated with other phenotypic changes, and is discussed in detail in §5. The key point is that no new mutation is required to lead to a significant, inherited change.
Examples such as this are sometimes presented as an expansion of focus for the MS, but on occasion advocates of an EES have argued that they illustrate the need for more fundamental conceptual change, on the grounds that the MS is simply unable to account for them in a satisfactory way. For example:
Evolutionary biology today has to incorporate soft inheritance, saltational changes due to systemic mutations, and various types of genetic exchange and cooperation. These all challenge the assumptions of the Modern Synthesis. We believe that rather than trying to continue to work within the framework of a Synthesis that was made in the middle of the last century, we now need a new type of evolutionary theory, one that acknowledges Darwinian, Lamarckian and saltational processes. ( [5] , p. 394])
[When] niche construction is added to the [MS] it extends the "Synthesis." The evolution of organisms now depends on natural selection and niche construction. ( [13] , p. 176)
If such claims are correct, they potentially cast doubt on the theoretical foundations of several areas of biology. Yet despite this, there have been few explicitly critical analyses of the claims made for an EES [14, 15] .
Our aim is to review the EES argument from soft inheritance. We will focus, in particular, on epigenetic inheritance and will conclude that the term 'soft inheritance' refers to a kind of proximate mechanism, with the ultimate function of calibrating behaviour in the face of environmental uncertainty. This poses no challenge to the explanatory and conceptual resources of the MS, which are sufficient.
We begin with a brief historical overview of the MS and its central commitments. Following this we detail the soft inheritance claims, presenting our argument that, when seen as a proximate mechanism, soft inheritance fits straightforwardly within the MS. This failure to recognize the proximate character of soft inheritance means that there is a set of novel hypotheses about ultimate function that are currently unaddressed. We conclude by outlining examples of these hypotheses. Our overall goal is not to defend or promote a particular view of the MS, but rather to analyse the coherence of one of the central elements of the putative EES.
THE MODERN SYNTHESIS
The epithet 'the modern synthesis' was coined in the subtitle of Huxley's 1942 book Evolution: the modern synthesis [1] . Huxley regarded the synthesis as a twostage process beginning with marriage and then moving onto the application of this framework to various subdisciplines in biology.
At the beginning of the twentieth century the particulate views of inheritance promoted by Mendelians were seen as incompatible with the models of gradual, incremental change proposed by the Darwinians. Thanks to the mathematical modelling of the population dynamics of gene pools by Fisher, Haldane and Wright, this impasse was resolved. Thus the first stage of the MS was the use or invention of population genetics to bring Mendel and Darwin conceptually together such that evolutionary forces could now account for changes in gene frequencies within populations. This stage can be read as one of restriction [2] as it also led to the removal of Lamarckianism, saltationism and orthogenesis, which were not compatible with a particulate model of gradual evolution driven by external forces. What this stage of the synthesis did not do was enforce a particular focus on levels of selection, nor on natural selection as the predominant force in evolutionary change. In particular, drift could still be seen as a significant (if external) force.
According to Gould [2] , the second stage of the synthesis saw the emergence of a much narrower and more dogmatic focus on natural selection as the predominant evolutionary force. This is the stage Gould is most critical of and he can be seen as an early pioneer of the EES movement. Gould describes the transition from stage one to two as one from a pluralist view that simply saw that everything must be consistent with genetics to a conception that natural selection is a sufficient cause of all evolutionary changes. To support this Gould cites Mayr's definition of the MS, some 20 years after Huxley:
The proponents of the synthetic theory maintain that all evolution is due to the accumulation of small genetic changes, guided by natural selection, and that transpecific evolution is nothing but an extrapolation and magnification of the events that take place within populations and species. ( [16] , p. 586)
Embodied within this quotation are the core ideas that natural selection operating over genes within populations is the predominant force of micro-evolutionary change and that these micro-evolutionary changes can also account for macro-evolutionary change. But a further 23 years down the line a leading textbook summarizes the situation more subtly, and in a slightly more pluralistic vein than Gould and Mayr implied:
The major tenets of the evolutionary synthesis, then, were that populations contain genetic variation that arises by random (i.e. not adaptively directed) mutation and recombination; that populations evolve by changes in gene frequency brought about by random genetic drift, gene flow, and especially natural selection; that most adaptive genetic variants have individually slight phenotypic effects so that phenotypic changes are gradual (although some alleles with discrete effects may be advantageous, as in certain color polymorphisms); that diversification comes about by speciation, which normally entails the gradual evolution of reproductive isolation among populations; and that these processes, continued for sufficiently long, give rise to changes of such great magnitude as to warrant the designation of higher taxonomic levels (genera, families and so forth). ( [17] , p. 12) Natural selection is still predominant, but not regarded as the sole cause. But within this quotation we can see a commitment to gradualism, micro-evolutionary changes accounting for all and, as with Mayr, a focus on genes [18] .
Whereas Gould and others read this second stage of the synthesis as a process of increasing dogmatism, we would not see it like this. Instead, the explanatory successes of the application of stage one across the biological sciences were enormous and naturally led to the increased use of gene-level hypotheses. This is an instrumental strategy (an 'adaptationist stance' [19] ) that allowed researchers to employ a fairly Popperian process of conjecture and refutation. From a Kuhnian perspective [20] , we can regard the MS as a period of scientific revolution leading to many years of normal scientific activity exploring the hypothesis-space that it created. The MS is now a commonly agreed framework adhered to by many biologists. But one might expect a gradual accumulation of glitches, of findings that do not quite fit with the common framework, and as this accumulation increases more suitable theories will begin to be sought, theories that might encompass the glitches as well as reorganize our previously accepted facts. We would anticipate a paradigm shift.
It is this form of analysis that informs those seeking an extended synthesis. The foremost proponents of this extension are Pigliucci and Mü ller, who have published much on this topic, but have recently convened a number of scholars under the title Evolution: the extended synthesis [4] . This book is clearly a nod to Huxley and an attempt to anthologize new science. It is also an attempt to document the shifting sands of the current paradigm, the things that do not quite fit or were never included, but nothing so bold as a new alternative theory. As such they are more in line with Lakatos, steering a course between a Popperian refutation and a Kuhnian revolution. Indeed, Pigliucci and Mü ller [4] refer to the extended thesis as a multi-faceted research programme, hinting at their navigational task. The following quote captures their enterprise:
The commonest reaction to our explanations is something along the lines of "But that is already understood as part of the Modern Synthesis anyway." We beg to differ. Many of the empirical findings and ideas discussed in this volume are simply too recent and distinct from the framework of the MS to be reasonably attributed to it without falling into blatant anachronism. ( [4] , p. 4) Pigliucci and Mü ller's volume presents a wealth of interesting phenomena, as do the majority of papers that support an EES, and one particular area of focus is epigenetic inheritance.
EPIGENETIC INHERITANCE
Transgenerational epigenetic effects are those where the DNA sequence remains unchanged but higher-level systems are altered, leading to differences in phenotypic expression in the next generation. These systems can include DNA methylation and histone modification. In particular, the inheritance of the epigenetic modification of gene expression through processes such as methylation has been a focal interest for advocates of an EES, because they are regarded as a challenge to the hard inheritance at the core of the MS [8, 9, 12, 15, 21, 22] . In this section, we will argue that epigenetic inheritance requires no extension of the MS. This argument rests on two points. The first is that we can straightforwardly interpret epigenetic processes as proximate mechanisms designed to calibrate organisms to stochastic environments. The related empirical point is that epigenetic variation is itself under genetic control.
(a) The central epigenetic argument from the extended evolutionary synthesis A key element of the EES is the concept of inclusive inheritance, where soft and hard forms of inheritance are at least equal partners. For example:
[T]he merging of Darwinism with genetics into the modern synthesis has led to a semantic shift, resulting in the tendency to assume that only the DNA sequence is inherited across generations. However, evolution acts on any phenotypic differences that are stable across generations. According to this view, phenotypic variation should be partitioned into its transmitted versus nontransmitted components rather than into its classical genetic and environmental components. ( [8], p. 475) This use of the term evolution is odd. Evolution does not act on anything; 'evolution' describes a kind of change, change that can be caused by natural selection, drift, etc. More precisely, a distinction can be drawn between a general theory of evolution and a special theory [23] . The general theory captures the basic Darwinian dynamics of variation, inheritance, competition and selection. This is potentially applicable across a large number of classes of systems and constitutes a basic definition of the kind of change referred to by the term evolution. The MS is an example of a special theory, perhaps our only one, that includes competition and selection, as well as inheritance, and sees new genetic variation emerge at random, thereby affecting the phenotype. It is a mature theory with clear defined parameters of operation.
The inclusive inheritance claim is that evolution is something that operates on phenotypes, and that phenotypes can be inherited by genetic and non-genetic means, such as epigenetic processes. As a consequence, advocates say that we must consider moving beyond the MS. This is neither a formal nor an empirical argument.
At best it is an argument stating that phenotypic change as a consequence of epigenetic processes appears to conform to the general theory of evolution. If this is so, it is of no consequence to the MS, which already has that quality as a special theory of evolution, and focuses on a different level of biological organization (see §4).
To be clear, this is an issue of what is to be explained. Those seeking an EES, through inclusive inheritance, wish to explain changes in phenotypic frequency within populations as a consequence of epigenetic (and other soft) processes. We do not deny those processes, but we do claim that any account of evolutionary change that relies on them is not the same order of account as that of the MS. If the change through soft inheritance can be seen to conform to the general theory of evolution, then this leaves open the possibility of a second special theory of evolution, one relying on epigenetic processes. Indeed, no one from the EES position denies hard inheritance, but they wish to distinguish between hard and soft contributions because they claim that they differently affect the evolutionary dynamic [5] . But should this be established, there is no logical reason to see this as a refutation or an extension of the MS, let alone a problem for it. As we shall argue ( §3b), epigenetic processes rely on mechanisms that are genetically inherited. Therefore, at most these colleagues are simply focusing on a different level of explanation and the question becomes one of how these levels relate to one another.
(b) Epigenetic variation is under genetic control A number of researchers equate phenotypic variation as a consequence of DNA sequence variation with phenotypic variation as a consequence of variation in DNA expression (epigenetic processes affecting the latter) [8, 9, 24] . Both systems affect the phenotype, and as such epigenetic processes have a second-order effect on DNA expression. So the inclusive inheritance model sees phenotypic variation as the explicandum and inclusive inheritance as the explicans.
Epigenetic mechanisms are also invoked to address the 'missing heritability' problem in genome-wide association studies (GWAS), which show that most traits with high heritabilities (such as height, intelligence quotient, personality traits and many common diseases) cannot be explained by association with common genetic variants [25] . This could be seen as evidence in favour of the inclusive inheritance position; however, there are several possible explanations for the poor link between DNA sequence variants and heritability; including imprecise heritability estimates, statistical power in GWAS and the ambiguity in modern behaviour genetics about the sources of non-genetic influence, particularly the concept of the 'non-shared environment' [26 -28] .
Epigenetic processes are a potential answer to this problem because they allow non-genetic information to be inherited across generations. But there is a great deal of variation in epigenetic mechanisms. They are present in many taxa, and multiple epigenetic mechanisms are proposed to affect development and disease (including DNA methylation, histone modifications and non-coding RNA). The erasure of epigenetic marks at the germline and embryogenesis in vertebrates is quite extensive and makes it a difficult topic to study (although this resetting of epigenetic profiles is uneven across taxa [29] [30] [31] ). At the very least, Review. Soft inheritance and evolution T. E. Dickins and Q. Rahman 2915 the potential for epigenetic transgenerational inheritance appears limited. Moreover, quantitative genetic evidence shows that epigenetic variation itself is influenced by genetic variation. This evidence comes from twin studies of epigenetic variability, offering a reliable way of estimating heritability as a proportion of phenotypic variation. They compare similarity between monozygotic (MZ) and dizygotic (DZ) twins, and are unbiased by age effects. The twin approach has a very narrow definition of heritability and includes anything that does not involve DNA sequence variation in its broad definition of 'environment' (including random or stochastic processes as well as measurement error). Thus twin studies apportion variance in a phenotype (e.g. epigenetic profiles) into their genetic and non-genetic variance components.
Twin comparisons of genome-wide epigenetic marks show that epigenetic marks are heritable on a genomewide level [32] . Locus-specific studies of age-matched twins using multiple tissues (e.g. in 182 newborn MZ and DZ twins [33] ) and blood sampling (e.g. in 196 adolescent and 176 middle-age MZ and DZ pairs [34] ) report high epigenetic heritability estimates. The largest study to date, using high-resolution DNA methylation assays across buccal, gut and white blood cells, reported similar methylation profiles in MZ compared with DZ pairs (the estimates were highest for buccal samples [35] ). Importantly, this study demonstrated that the most heritable epigenetic sites were those correlated with functional genome regions, indicating that function-specific epigenetic indicators were under the strongest genetic control.
This evidence for genetic control of epigenetic signals is consistent with several other family-based approaches, including population-level findings from quantitative trait loci studies [36, 37] and familial clustering of methylation profiles [38, 39] . Furthermore, heritable effects are now documented for other epigenetic processes such as individual-and allele-specific chromatin signatures [40] . Given this, it is hard to understand epigenetic processes as a challenge to the MS. This evidence suggests that epigenetic systems are themselves phenotypes, and their genes are subject to natural selection, drift and all else. This immediately presents the instrumentally minded evolutionist with a set of adaptationist questions. Twin and family studies do not claim that all epigenetic variation can be accounted for by genetic variation. Animal studies also report that epigenetic variation can be separated from genetic variation [41, 42] . This observation brings us to the issue of levels of organization.
CAUSATION AND LEVELS OF ORGANIZATION
If epigenetic specializations are adaptations it means that discussion within the extended synthesis has overly focused on accounts of how epigenetic inheritance works at the expense of discussion about function. This dichotomy is typically understood as the ultimate-proximate distinction [43, 44] .
Mayr [43] gives the example of the causes of bird migration. He claims that causality contains three elements-an explanation of past events, prediction of future events and an interpretation of goal-directed phenomena-and then lists four causes of migration: (i) an ecological cause, as the bird must track food resources which are seasonal; (ii) a genetic cause, as the bird has inherited a disposition to respond to particular cues at particular times in particular ways; (iii) an intrinsic physiological cause, as the bird responds to reductions in daylight; and (iv) an extrinsic physiological cause, as the temperature dropped significantly on the day of migration, stimulating an already prepared bird to leave. Mayr labels (iii) and (iv) proximate, and (i) and (ii) ultimate causes. The proximate accounts are about how a trait works, and ultimate ones are about the evolutionary history and function of a trait-why the trait is as it is-and are understood in terms of their effect on inclusive fitness [45] .
Jablonka & Lamb [9] , in their comprehensive case for soft inheritance, argue that there are four dimensions or sources of evolutionary change-genetic inheritance, and then three sources of soft inheritance: epigenetic, behavioural and symbolic inheritance systems. They regard soft inheritance as providing phenotypic tailoring during the lifetime development of an organism. This is a position we have some regard for and will return to below ( § §4a and 5). However, Jablonka & Lamb [9] do not provide any account of how these soft inheritance systems are orchestrated in order to provide this service [46] . Nor do they directly discuss tailoring in terms of inclusive fitness. Indeed, all that is provided is much proximate detail. Nonetheless, they claim [5, 21] that soft inheritance systems play a Lamarckian role in the overall evolutionary dynamic such that epigenetic processes allow for the inheritance of acquired characteristics [15] . So, on the one hand, epigenetic, behavioural and symbolic systems are seen as proximate mechanisms that provide a phenotypic tailoring service across the life span, and, on the other, this very action introduces new variation into the phenotype, changing frequencies at the population level, being transmitted across generations and looking like evolutionary change. In doing this, they have conflated proximate and ultimate causation.
To understand this conflation one must realize that genetic inheritance systems are also proximate mechanisms. Mayr's [43] distinction made reference to ultimate causes understood in terms of the interaction between organismic traits and their ecology, and the evolutionary history of that relationship as embedded within DNA sequences (causes (i) and (ii) above). However, the details of how particular DNA sequences operate to control other gene expressions or to build particular proteins are proximate causes, in just the same way as the physiological causes referenced as (iii) and (iv) above. Crucially, genetic inheritance is not natural selection. Natural selection is the outcome of trait variation, inheritance and competition. According to the MS, trait variation is a consequence of genetic mutation, inheritance is a result of genes being passed on during reproduction and competition is endemic where resources are finite. Any trait variation that increases the differential in accessing those resources will be selected and the genes underpinning this will increase in relative frequency. This is the essence of ultimate causation; how genes work is not. So to simply outline other inheritance systems and describe how they work is not to provide an account at the ultimate level, and to claim otherwise is at best a conflation.
This situation is perhaps not surprising as the target is the MS, and EES advocates may reject the ultimateproximate distinction as a part of their effort [24] . But if this distinction is denied we find it hard to understand how any meaningful questions about evolutionary biology could be framed, and how there could be any hope of synthesis, let alone an extended synthesis, between proximate and evolutionary biology. This is because the MS of Mendelian genetics and Darwinian evolution was precisely a synthesis of proximate genetic concerns with ultimate evolutionary ones-the how of genetic transmission with the why of evolution. As we have seen, this required the invention of population genetics and to date no one from the EES movement has proposed a similar theoretical structure. Indeed, those working on soft cultural inheritance have had to directly borrow population genetic models in order to hypothesize cultural dynamics [47] , effectively treating the mathematics as substrate-neutral. On the surface this may appear to support the EES position, as surely the mathematics is reflecting a deeper truth about nature, but these models rely on the assumption that cultural variants are inherited in a manner equivalent to genes, and in so doing simply model cultural change as if it were directly tied to genetic variation. This is clearly not a distinct conceptual departure. The only available counterpoint for the EES community would be to argue that they simply see their soft inheritance systems as fitting into the synthesis as already described-theirs are alternative mechanisms to the genetic, introducing variation through developmental induction and being open to the same competition. This requires a certain view of biological organization, and it is to this that we turn next.
(a) Integration across levels Bolhuis et al. [7] note that neuroscientists have 'been aware since the 1980s that the human brain has too much architectural complexity for it to be plausible that genes specify its wiring in detail; therefore developmental processes carry much of the burden of establishing neural connections' (p. 2). This statement must be true in its detail [48] , and it is very much in keeping with the general thrust of the soft inheritance theorists who think that genes cannot account for everything. Exact connections are established after exposure to critical inputs from the environment, and as a consequence of other organizing events downstream. These processes would seem to be a consequence of core properties of neurons-which might imply an evolutionary history. But Bolhuis et al. lump together developmental systems theory, epigenetic inheritance and niche-construction theory, and argue that organisms are to be seen as constructors of their own environments. We are told that the final neurological product, a human brain, is the result of a complex interaction between genes and these processes. However, this argument is crucially different from those previously outlined, for here there is a direct claim for interaction across organizational levels. Developmental processes take off where genetics stops, and new design is introduced almost as an emergent property of the initial complexity. This view of total phenotypic variation implies some orchestration.
This orchestration need not be internally sourced; there is no implication of orthogenesis. It could all be entirely externally sourced, as it possibly is in each of Jablonka & Lamb's four dimensions. For those focusing on genetic systems it is a basic principle that genes rely on inputs from other genes and the environment external to them to function [49] . However, a key organizational point, which was recognized during the MS, is that the level of the gene is where the conceptual buck stops [18] . More precisely, it is at the level of the genes that the first effect of a system that can organize environmental inputs and respond to them, by building more complex systems, begins. This is another element of its special theory status. There is no suggestion in the soft inheritance literature that theorists see epigenetic mechanisms and the like as the lowest level of such organization. Moreover, given the heritability claims made above, this would be empirically hard to sustain.
Instrumentally minded biologists would think about a possible role for natural selection in building the proximate machinery for epigenetics and learning. So the question becomes: has natural selection led to changes in relative gene frequencies due to the effectiveness of particular genes at coordinating higher levels of organization? They will regard cultural learning, individual learning and epigenetic inheritance as an intricately nested hierarchy of adaptations that are 'designed' to calibrate organisms to their ecology, as proximate mechanisms with an evolutionary history [44] . Where the soft inheritance theorists have failed to formally account for function and cannot explain why a particular inheritance mechanism is structured in the way it is, someone schooled in the MS can begin to ask fruitful, falsifiable questions. Because of the conflation of ultimate with proximate causation, advocates of the EES consistently fail to understand biological organization and its provenance. They have a general theory of evolutionary change and the conceptual tools of proximate biology, not evolutionary biology, at their disposal. By insisting on the causal parity of different levels of biological organization, and mapping the dynamics of inheritance using a general theory of evolution, the soft inheritance theorists fail to say something more meaningful about inheritance-something that classifies and denotes differences, something that is usefully limiting.
HYPOTHESES ABOUT CALIBRATION
If we are correct, several hypotheses about experiencedependent epigenetic inheritance should follow. In this section we develop two examples. Our aim is to more clearly expose the kind of thinking that the MS permits through clear sight of proximate and ultimate causation. The hypotheses may prove to be false, but that would not be an indictment of the framework.
(a) Licking and grooming: adapted parental effect Within rodents there are stable and heritable individual differences in the amount of grooming offered by mothers. Cross-fostering experiments have shown that this inheritance is not genetic but that it is modified by behaviour. A number of integrated proximate mechanisms are involved [50] .
Relatively low levels of oxytocin receptor binding in the medial preoptic area of the hypothalamus have been associated with low levels of grooming. Oxytocin is implicated in facilitating bonding [51] . In high-grooming females, dopamine levels in the nucleus acumbens increase evenly before grooming. The amount released directly predicts how long the mother will engage in grooming. When grooming stops the dopamine level returns to baseline. This effect is not seen in low-grooming mothers. Champagne [50] argues Review. Soft inheritance and evolution T. E. Dickins and Q. Rahman 2917 that the hypothalamic oxytocin neurons mediate this mesolimbic response, which in turn leads to behavioural differences between mothers. Furthermore, pups of mothers who are low in grooming have a relatively prolonged passive stress response after the stressor has been removed. This order of response has well-documented behavioural effects, such as a reduction in exploratory behaviour and an increase in inhibition, sometimes classified as behavioural depression.
The pups of low-grooming mothers have low oestrogen sensitivity. Oestrogen has an epigenetic effect in that it increases the expression of the oxytocin receptor gene. Birth is normally associated with high oestrogen exposure for pups, which in turn should lead to increased oxytocin receptor binding in the hypothalamus. Low oestrogen sensitivity is equivalent to that of mice lacking a functioning copy of the oestrogen receptor alpha, which affects gene expression, thus causing a reduction in the ability of oestrogen to affect expression. In the offspring of low-grooming mothers the expression of oestrogen receptor alpha is reduced relative to that of high-grooming mothers, which potentially will affect the oxytocin activity in the medial preoptic area. Fostering experiments have revealed that this alteration to gene expression is affected by postnatal maternal care-low-grooming mothers cause a reduction in the level of oestrogen receptor in the medial preoptic area of the hypothalamus. This has been linked to high levels of methylation at a number of sites in the promoter region of oestrogen receptor alpha.
This example presents a complex and highly integrated set of proximate mechanisms. It appears that low levels of grooming set in motion a particular stress response and inhibition of bonding that in turn leads to subsequent low grooming investment when those pups become mothers. Stressing high-grooming females can lead to a reduction in their grooming, and this is then epigenetically inherited. If external stressors diminish, then the level of grooming rises after a few generations to a higher level.
This order of epigenetic effect appears facultatively responsive to key ecological factors. The inherited trait is not invariant over time, but changes in the presence or absence of stressors. A reasonable hypothesis for such a patterned change is to assume that there is a fitness benefit for the mother in reducing her grooming under stress, and that this behaviour will track particular ecological cues, or stressors, and not others. For example, food stress and local predation rates should predict low licking and grooming in rodent mothers. This can be experimentally tested.
This hypothesis can be captured by life-history theory that frames development and behaviour as fitness maximizing strategies over a lifetime [52, 53] , those strategies being seen as reaction norms. To this end, licking and grooming behaviour will be seen as an adaptation that acts to maximize the average lifetime inclusive fitness of the mother. This idea is given weight by the fact that in rats the pups of low-grooming mothers reach sexual maturation faster and display more indiscriminate sexual behaviour than those under high licking and grooming regimes [54] . The paracopulatory behaviours of female Long Evans rats raised under low licking and grooming regimes also appear to make them more sexually attractive to males [55] , so a lack of discrimination will pay off. Maestripieri [56] has shown that poor maternal care in rhesus macaques leads to an increased interest in infants. Belsky et al. [57] have recently demonstrated a relationship in humans between maternal harshness, early sexual maturation and sexual risk-taking that fits with this order of life-history prediction and makes sense of recent findings in the literature on early reproduction in humans [58] .
All told, there is evidence for an epigenetic calibration to harsh yet changeable environments that can hasten reproduction. This makes intuitive and evolutionary sense. If an organism is under stress, delaying reproduction could carry significant fitness costs, for there is no guarantee that the stressors will be removed and endogenous resources will continue to be used, making it harder in the future to successfully reproduce under stressed conditions. In effect these proximate mechanisms are designed to hedge bets [59] and thereby maximize lifetime inclusive fitness. In the case of stressed rat mothers, calibrating their pups for a more rapid development and earlier reproduction makes sense for their own inclusive fitness, as each pup is an investment. Such maternal decisions are also seen operating in utero and directly affecting birth weight and future development in a number of species in order to produce smaller, more rapidly developing offspring [60] .
It is worth noting in passing that the kind of induced phenotypic variation seen in the licking and grooming work is entirely non-random, a response to specific inputs [49] , and should be contrasted with the introduction of new variation through mutation at the heart of the MS.
(b) Learning biases Epigenetic modification of genes that are expressed in the brain has an effect on learning and memory [61] . This suggests that specific learning biases should emerge under particular developmental conditions. It is also worth noting that not all organisms calibrate using epigenetic mechanisms. For example, birds deposit hormones in egg yolk, which in turn affects chick development and adult reproductive success [62] . This presents a question about the fit of epigenetic calibration to specific ecologies, as well as one of the phylogeny of such mechanisms. The existence of calibrating mechanisms is evidence that an organism lives in a stochastic ecology, moves between a variety of environments or both. If they move from environment to environment, then they are some order of generalist. Selection will shape the calibration accordingly.
Generalist strategies present a great deal of moment-tomoment and day-to-day change that would be well served by learning mechanisms. Learning is itself parametrized [63] , and could not possibly function as a general association architecture, such that particular learning biases have been selected. This is something we have known since at least as early as Garcia & Koelling [64] . The extended synthesis has packaged learning as soft inheritance at the cultural level, but paid little attention to individual learning. But even cultural learning processes are situated within individuals, and there is variation in how well individuals learn and teach in such situations. One might predict the emergence of stable strategies within such scenarios that are effectively under frequency-dependent selection, and, more interestingly still, some of these strategies might be facultative responses to particular local conditions.
As a thought experiment we can imagine selection building a learning mechanism that is biased to make certain associations. The Garcia effect [64] showed that rats associated nausea with taste, but not other stimuli. This is a candidate adaptation as the fitness consequences are clear. But we might imagine a rat living under food stress needing to relax the associative grip such that a single exposure to a pairing of taste and nausea might be too strict: one instance of food being off should not deter future tasting in a food-stressed environment. Under no food stress, then, a strong learning bias in this direction makes sense as it is easy to avoid that food in the future without compromising fitness. Epigenetic mechanisms would be a candidate solution to introducing shifts in learning bias across such situations, as would endocrine functioning. Thus one hypothesis would be that under protracted food stress mothers would have less exposure to food, making them hungrier, such that when they do encounter food the benefits are increased relative to a constant negative value associated with nausea. In effect the strength of the taste aversion association would be diminished. This learning effect could come under internal epigenetic control. The mother potentially bears some learning costs, in spite of this shift in relative salience, that could be time-consuming and detrimental to fitness. An epigenetically transmitted change in the strength of taste aversion learning would significantly benefit the pups of such mothers and could be seen across subsequent generations to a point beyond the removal of food stress.
What this imagined scenario brings is the view that increased ecological complexity, or large ecological bandwidth, brings with it an increased need for highly integrated calibrating mechanisms. These mechanisms are dealing with various sources of information and fine-tuning the organization of the phenotypic response to factors that are at best described as exogenous to the genes that build them. This is plasticity, this is development and this does lead to changes in the frequencies of available phenotypes in the population. Genetically encoded capacities for generating epigenetic variation may drive part of this phenotypic plasticity. This might be captured by a general theory of evolution, to some limited extent, but it is quite clearly not biological evolution. It is instead a consequence of it.
SUMMARY
In this study, we have taken issue with a core component of recent claims for an EES-that of soft inheritanceand in particular epigenetic inheritance. Specifically, we have sought to demonstrate that there is a conflation in the EES literature between ultimate and proximate causation, and, as a consequence, a failure to address the issues of levels of organization within biology in ultimate terms. Some researchers have discussed the functional utility of soft inheritance, seeing epigenetic, behavioural and symbolic learning systems as means of tailoring organismic response to the environment across the lifespan, but at no point has an account been provided of how these levels of organization might be orchestrated. Instead, each inheritance system has been afforded equal causality in a general evolutionary dynamic-a dynamic that does little to account for the apparent design we see in biology.
We have attempted to demonstrate how the MS enables such questions to be framed and potentially answered. Those seeking to defend an extended synthesis would have to find some evidence that would undermine the wealth of data pointing to a high level of integration between development and behavioural outcomes. As it stands, the supporters of the extended synthesis merely point to soft inheritance and trait variation as a consequence of this, without fully accounting for why such trait variation is patterned and persists.
